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Abstract 
This paper seeks to evaluate the research performance of 29 research units in terms of 
productivity and efficiency via DEA. This objective is achieved by establishing a set of 
performance indicators particularly in the aspect of relative efficiency that covers both input and output 
factors. In this context, the relative efficiency of 29 participating units including (faculties and branch 
campuses) was measured using a non-parametric method namely, the Data Envelopment Analysis (DEA). 
DEA is able to handle the problems of multiple output and multiple input criteria and successfully assessed 
the overall performance of each research unit. In this particular problem, the overall performance can be 
interpreted as the achievement of all output criteria. The results revealed that 19 out of 29 units were efficient 
and known as the "best practice" units. It was also identified that the time spent to complete a project and the 
number of completed projects have being the most frequent contributing input and output criterion to the 
efficiency rating in the context of research performance evaluation. 
Keywords: Performance; Efficiency; Input; Output 
1. Introduction 
The concept of accountability and quality assessment in higher education constitute an 
international phenomenon. Therefore, performance indicators for measuring progress need to be 
established. Universities are increasingly asked to describe in specific terms their contribution 
towards national welfare and the relation between the welfare of a country and university teaching 
and research. The higher educations environment is usually assumed to have a multiplicity of units 
performing the same function. Typically these units use multiple resources (input) to produce 
goods or services (output). Clearly, there is a need for a more systematic and comprehensive 
performance assessment tool for higher education institutions given the inherent limitations of 
commonly used methods such as the ratio between aggregated benefits (outputs) and aggregated 
cost (inputs) (Ballestero, 1998). In this study, the researcher seeks to explore the use of the Data 
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Envelopment Analysis (DEA) technique as an alternative approach to assess the overall 
performance of higher education institutions particularly in the research aspects. Data 
Envelopment Analysis is a linear programming technique developed in the work of Charnes, 
Cooper and Rhodes (1978). DEA is an increasingly popular management tool that is commonly 
used to evaluate the efficiency of a number of producers. In the context of higher education, the 
producers are colleges and universities. The DEA method was applied by Sinuany-Stern et al 
(1994) to assess the performance particularly in the aspect of relative efficiency. He wanted to 
include more output criteria in the assessment for academic departments at Ben-Gurion University. 
DEA is the only method that handles multiple input and output criteria simultaneously without 
requiring any complexity. Thanassoulis (1993), had used DEA approach to assess the relative 
performance of 15 hospitals instead of Multiple Regression. She had wanted to compare the two 
methods for hospitals ranking. This paper discusses how DEA, using readily available data can 
complement traditional performance measures and provide an alternative approach for universities 
to examine their performance and find their competitive advantages. 
2. Problem Specification 
In most situations, an organization will analyse the achievement of its units based on one 
criterion. For example, in the aspect of research activity or research performance, usually only the 
number of research projects or the number of publications is taken into consideration and if the 
achievement among units are assessed comparatively, a particular unit will be chosen as the 
benchmark via value judgment. Undoubtedly, this looks simple and easy to be presented, but in 
reality a conclusion towards determining the real achievement is impossible, as other aspects which 
also contribute towards the achievement may be taken for granted. By taking into consideration the 
various factors involved, the approach of measuring performance covering both input and output 
factors would be more comprehensive and significant. 
3. Study Objective 
The objectives of the study are: 
• To explore the use of DEA technique as an alternative technique to assess the research units 
overall performance. 
• To establish a quantitative measure to evaluate the achieved performance of units (faculties 
and branch campuses) by producing a set of performance indicators covering the input 
(limited amount of resources) and the output factors (the outcomes or product). 
• To rank the participating units based on the set of performance indicators obtained. 
• To investigate the most contributing criterion (both input and output) towards performance 
evaluation. 
4. Methodology 
4.1 Assumptions and concept 
For this study to be held consistent, there are some assumptions that need to be considered. Firstly, 
although Higher Education Institutions are known to have a multiplicity of units (departments and 
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faculties), which perform the same function, the environment, nevertheless, is assumed to be 
homogeneous. During the transformation process of converting a units' input into its' output there 
will be no involvement of economic return to scale or in other word the situation is under constant 
return to scale (CRS). Under this assumption, if we scale the input levels of a feasible input-output 
correspondence up or down then another feasible input-output correspondence is obtained in which 
the output level are scaled by the same factor as the input levels (double output double input) 
(Thanassoulis ,2001). 
4.2 Input and output criteria 
In its most basic step in assessing performance via performance indicator in educational system, a 
researcher must consider three important elements. They are unit cost of education (which are also 
known as input of education), benefits of education (output of education) and the third is the 
assessment of the efficiency. Input factors such as the cost of education are those associated with 
limited amount of resources to produce maximum amount of output. These include the 
consequences, outcomes or the products as a result of utilizing inputs. The term transformation 
process means the process of converting resources (inputs) into outcomes (outputs) as depicted in 
figure 1 (Norshahida, 2003). 
Transformation by Units 
Figure 1. A Higher Educational Unit Transforms Inputs into Outputs 
In the context of higher education, a few important input and output criteria were 
identified based on the literature from Sinuany-Stern (1994), King (1997), Johnes (1993) and 
Bloug (1970). For the purpose of this research, four meaningful output factors identified were the 
number of completed research projects (Y{), total research grants (RM) (Y2), number of 
publications (Y3) and number of research grants (Y4) have been identified to be involved. While in 
the aspect of input factors five other available variables that had were considered include the 
student staff ratio (X{), the total number of staff (academic and administration)(X2), percentage of 
lecturers with Phd/Masters/equivalent (X3), the amount of time spent to complete a project (X4) and 
the average of lecturers' teaching hours per week (hours) (X5). 
By referring to the input and output factors chosen, the efficiency of a particular unit was 
evaluated relative to another unit as depicted by the given model: 
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Input factors Output factors 
Student staff ratio 
Total staff (academic& admin) 
Time spent to complete a project 
Percentage of senior lecturer 
Average teaching hours (/week) 
Number of completed projects 
Number of research grants 
Number of publications 
Total research grants 
Figure 2: A conceptual model for measuring research performance 
4 3 Measuring Performance: Method and Techniques 
In measuring efficiency the focus is more on comparative efficiency and the concept to be applied 
is relative efficiency. There are two aspects of efficiency that can be measured, depending on the 
objective of researchers, either to measure input-orientation efficiency (the optimal combination of 
inputs to achieve a given level of output) or output-orientation efficiency (the optimal output that 
could be produced given a set of limited input). In the context of the study problem, the focus is on 
output-orientation efficiency, that is measuring relatively the overall efficiency of the research 
units .The most basic quantitative method to measure performance particularly in the aspect of 
efficiency is via productivity ratio that is the ratio of the output(s) that it produces relative to the 
input(s) that it uses. 
Productivity= outputs/ inputs 
If a unit is able to produce its output based on a limited amount of scarce resources (input) 
at optimum level, thus this unit is said to be efficient in the transformation process (input to 
output). This is where the effective use of the input will eliminate or reduce waste, which later 
generate " efficiency". The higher the productivity ratio, the more efficient is the unit in producing 
its output. 
In cases involving one output and input in the process, this calculation is a trivial matter but when 
there is more than one input and output then a modelling approach is more appropriate to obtain a 
single productivity index that will be the performance indicator. 
In line with the research problem which is currently involve with multiple inputs and 
outputs, the method of Data Envelopment Analysis (DEA) was chosen to evaluate the research 
performance. DEA is a none-parametric method also known as distribution free method. This 
method does not require any parameter estimation and does not need any normality assumptions. 
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4.4 The DEA Method 
DEA is concerned with evaluations of performance of organisations in various fields such as 
business firms, government agencies, hospitals, educational institutions etc. In general the 
organisations are called Decision Making Units (DMU). To understand the concept of how DEA 
works, consider a case problem involving a single input and single output. In Table 1, suppose there 
are 5 shops labelled A to E. The numbers of employees and sales (measured in RM'OOO) are 
considered as the input and output factor respectively. 


























The last row in Table 1 shows the sales per employee and is the measure of productivity. 
By this measure, we may identify B as the most efficient shop and shop A as the least efficient since 
shop B has the highest value. 
Representing these data in a graph as depicted in Figure 3 we can generate the "efficient frontier". 
In this case, the line from the origin through B is the frontier because the line attained the slopes 
of the lines connecting each point (A-E) to the origin and the highest value. Notice that this 
frontier touches at least one point (the extreme point) and all points are therefore on or below this 
line. The name data Envelopment Analysis comes from this property because such a frontier is said 
to envelop these points. 
Thus, the inefficient stores (represented by the points below the frontier) should either 
reduce their input or increase their output to a point at the frontier line to achieve level of 






o H 1 1 1 1 1 1 
0 1 2 3 4 5 6 
Employee 
Figure 1: The "Efficient Frontier" for the data set 
For the case of multiple input and output, the same concept is applied but it's difficult to be 
presented graphically. In such cases we need to formulate the problem in mathematical term. This 
• B 
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process starts by considering the multivariate productivity ratio between aggregative output(s) to 
aggregative input(s) to form a single index known as the multivariate performance index. 
To be fair in comparing the efficiency among units involving multiple criteria, it is 
important to note about the concept of weight. This is because each unit possesses their own 
importance for the level of output to be produced and the level of input to be used. Thus, to 
calculate the multivariate productivity ratio, the weights for each output and input level must be 
allocated. However, thedetermination for such weights are so subjective and crucial but by using 
DEA this problem can be solved. The program for DEA model used managed to assign the most 
optimal weights to all inputs and outputs mathematically (see equation (2)). 
Originally, a multivariate ratio that meets the above description can be expressed, for each 




where: Yrk =Level of output r of unit k 
Xfr =Level of input i being used by unit k, and 
Urk and Vjk are weights assigned to the outputs and inputs 
s=Number of outputs 
m= Number of inputs 
As initialised by Charnse, Cooper and Rhodes (1978) CCR, a fraction program was developed with 
the proposed range of hk between zero to one (0 tol). So this means that the weights are to be 
objectively assigned so as to maximise hk . In other words, CCR operational zed the above 
problem as follows: 
" Find weights Urk and Vlk such that the ratio of virtual outcomes to virtual inputs is maximised 
subject to the constraint that no ratio exceeds unity". 
Furthermore, CCR had expanded the fraction program into a linear programming problem to obtain 
the performance score hk. The programming formulation simultaneously solves for the weights and 
provides a relative ordering of the participating units. 
Assume that we have n DMUs. With m input criteria, X; and s output criteria, Y\ in order to obtain 
the ratio h^, 
Maximize: . _ ^
 it v (2) y.ulkYlk 
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Subject to: 
X u ^ - ^ X y s 0 ; j=\,...,n 
m 
VikXik =1 (normalisation constraint) 
i
 rk 2:0; r = l,...,s 
Vlk ;>0; z = l,...,m 
This model is also known as the value - based model and was formulated to measure the unit's 
overall efficiency. The performance score for each unit is obtained by solving n such linear 
programs, one for each unit. The established model allows each unit to gain weights that maximise 
ratio between output and input factors. Hence, the best weights obtained are then compared 
between one another. Finally, the unit ranking can be established. The performance indicator used 
was hk ,which was the maximum ratio between output and input for each assessed unit. By 
comparing the hk values of one unit to another unit, the ranking was obtained. 
With DEA analysis, units are compared based on their ability to maximize their outcomes 
in relation to their available resources. In such resource-based and outcome-focused evaluation, the 
participating units that can maximize their outcomes based on the level of resources available to 
them are considered as the " best practice" units. In this context, a unit is efficient when the value 
of h^ =1, where h^ is the indicator. On the other hand if the value of h^ <1, the unit is said to be 
inefficient. The Lindo software was used to run the DEA program. 
5. Analyses and Results 
5.1 The units' performance and their ranking 
The CCR model was run 29 times, once for each participating unit. The results are given in Table 
2. For anonymity purposes, the faculties and branch campuses involved are assigned dummy 
names. It is found that 19 out of 29 units had a DEA efficiency rating of 100 (/i *=1) and 10 units 
had a rating of less than 100 percent (h *<1). In terms of interpreting the result, for instance 
faculty F5 had a rating of 79.2% represented by h=0.792 indicating that the faculty was using 
20.8% excess resources (Anderson et al 2000). Faculty F5 is considered inefficient or less 
productive in their input output transformation process. By using DEA method, the position of 
units in the aspect of their relative efficiency was also determined. There are 19 efficient units that 
had successfully achieved the first in rank. They are faculties such as Fl , F2, F4, F6, F9, Fl 1, F12, 
F13, F16, F17 and branch campuses including Bl, B2, B3, B7, B8, B9, B10 and B12. Ten other 
units are found to be less efficient. 
i 
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(* An efficient unit) 
The first most less efficient unit is faculty F14, followed by faculty F15, F10, F8, B4, F5, B6, F6, 
Bl l and finally the least most efficient is faculty F3. 
5.2 The Identification of a criterion that is underscored for efficiency by a unit. 
The virtual input and output (represented by the weights) reflect the extent to which the efficiency 
rating of an efficient unit is underscored (Thanassoulis, 2001). The bigger the weight, the more 
tendency that the criteria contribute to the efficiency rating. Based on Table 3 (represent the 
weights obtained for input and output levels used in the study based on the DEA program in 
equation (2)), the identification of which criteria are underscored for efficiency rating can be done. 
For example, faculty Fl relies for its efficiency rating essentially on Y (the number of research 
grants) and Y (total research grants) to X (the student staff ratio) and X (time spent on completing 
the project) to be efficient. 
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- The value is so small, so that it can be neglected. 
According to (Thanassoulis, 2001), if a unit only relies on a single output to input to be efficient, 
it cannot be said to have a very robust efficiency rating. Thus in this study, it is found that there 
were 5 units having non-robust efficiency rating. The units are F7, F9, F13 B7 and B8. The rest are 
considered robust with only one unit, that is faculty Fl 1 relies on all four output to be efficient. 
5 3 Investigating the most contributing criteria to the performance evaluation 
By means of a particular descriptive statistics measure, that is "frequency" (the number of 
occurrences of a criterion underscored for efficiency rating) excluding *, the most contributing 
factor to the performance research evaluation can be determined, but using this analysis the 
identified factors does not necessarily be the significant one. Based on the frequencies in Table 3, 
the output factor that frequently contributes to the research performance efficiency are Yj (number 
of completed projects), Y3 (number of publications) and Y4 (total research grants) while in the 
aspect of input factor the factors are X2 (total number of staff), X4 (time spent to complete a 
project) and X5 (the lectures teaching hours/week). Based on the highest frequency value, the most 
contributing output criterion was identified to be the number of completed projects while the most 
contributing input criterion was the time spent to complete a project. 
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6. Conclusions 
DEA, provides a systematic and comprehensive approach to evaluate research performance. DEA 
are found capable enough to handle the problem of measuring performance involving multiple 
inputs and multiple outputs. Moreover DEA is a non-parametric method whereby there is no 
involvement of tedious assumptions on the data distribution and estimation theory. Therefore it can 
be seen as a direct method. The important aspect is that a researcher should be aware of the input 
and output criteria to be chosen. The formulated program yields a set of performance indicators. 
These indicators are then used to evaluate the performance of the research units involved 
relatively. The context of performance being measured here is the overall efficiency of a unit 
relative to another unit. Using this method the position of each unit in terms of their performance 
can be identified. With respect to this study the results revealed that 19 out of the 29 research units 
were efficient in terms of research performance. In addition to this, the weights obtained can 
provide a general indication of the most contributing factor to the efficiency rating in the aspect of 
performance evaluation. The most contributing output criterion was identified to be the number of 
completed projects while the most contributing input criterion was the time a unit spent to 
complete a project. Even though, the criteria identified are not proven to be significant in this study, 
but the results do give a good idea or a starting point for further investigation. This can be achieved 
for example by applying the parametric approach to test the validity of DEA results. 
7. Suggestions for Future Study 
It is suggested that for the next study, a researcher can consider a different approach to the 
methods that was used (DEA), such as the canonical correlation or the involvement of MCDM 
(Multiple Criteria Decision Making) method, for example the PROMEETHEE method. 
Additionally, researchers can also compare the reliability and consistency of the different methods 
used to develop the performance indicators. This is particularly to determine which method gives 
better accuracy and more precise results. Other than comparing methods the researcher may focus 
on the approach or techniques identifying the target peers (the efficient units) to be emulated by 
those who are inefficient relatively. 
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